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10−5 +
∑n
i=1 |yi|
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[RTWugW
yi = (xi − i+ 1) + yi−1 (y1 = x1)
f2(x) =
n∑
i=1
(xi − i+ 1)2
f3(x) = 1 +
n∑
i=1
(xi − i+ 1)2 −
n∏
i=1
cos
(xi − i+ 1)√
i+ 1
.
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f2(x)
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f3(x)
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~,egjÄ|efe2|nmegRTW
j@}begnU|vcgjlbegnjlmrjlu
f1(x)
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c<mojevmTWW~¦egj>W[nmonpeqn|ln§VWÀ~rs|u*ruqjlU
eqRTWjl}TegnU.TU eqjDWW &>WÀh+eqn¾@Wl«vyikH|nmÂbTmo~TWVu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f2(x)
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n = 10
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n = 10
ÂeqWVuqUXnmo|egnjlm
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ugWm@e
nmTnegn¢|n§À|:eqnj@mocVÂdk@n¾dnmTk¦>jeqRt¸ x¹)º |mo~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u¿nmTnegn¢|¾:|uqn¢|mohVW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|¢|uqklWu¿}>jl}oT|egnjlm«
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¾dn|egnjlmoc«
v¡iy
f1(x) f2(x) f3(x)
(N = 40,M = 20)
£  T«ä  TÂTl@T« lHl¤ £sTÂDT« HW'  H¤ £sTÂD@¤
(N = 400,M = 200)
£fl« lbÂFl« @  ¤ £x@« HlW'x  ÂDl« l W'xl@¤ £sTÂD@¤
(N = 4000,M = 2000)
£ÝT« @l dÂbb«  lW ÕHl¤ £:oV  «  Â    « @@@¤ £ :@ lo« oÂdl@T«  l@¤
QK|oW T¥Kt*WVugrjluqUX|lmoh!WÁ|mo|labcgncrjlu¿v¡zy^nm,~bnUXWmocfnjlm©¦|lc¿|#rTmDh+egnjlm,jrTmo~bWugadnmTk¦}Dj@}T$
¢|:eqnj@m,cgn§VWl«
¬OW.mTj:MW!»T|lUnmTW eqRTW.uqWcgTeqc[jlrKeqRTW.hVjlUX}Tbe2|:egnjlmD|)cfego~Taj@megRTW#>WVRD|¾Hnjluzjr<v¡iyÃ|lci|
romoh+eqnj@m©jlregRoWTmo~bWugadnmTk,}>jl}TT¢|:eqnj@mOcgn§VWl«¦¬©WXÍDuqcfemTjeqW.eqRo|:e#v¡iyBugW HTnuqWc |ugW|egn¾lWa
cgU|ª}>jl}oT|egnjlm°eqj·rTmDh+egnjlm }Tuqjl}>WVuqa@« yi¢cfjDÂieqRTW©cgU|Wu-}>jl}TT¢|:eqnj@mocugWÀcfTegWÀ~°nm6>W!efeqWVu
}>WVugrjluqU|mohVWl«  mOegRoWVjluqalÂ)Wj@mTa©mTWVWÀ~©egRTWÄcq|UX}TWjregRTn¢c#}>jl}To|egnjlm©egj½}Tuqj:¾dn~bWXoc#[npeqR |
uqW|@cfj@mo|oWªWcfegnUX|egWjlr)egRoWW¾lWVcgW!eijlr)eqRTW ÍTegmoWcqcrTmoh!egnjlm«
ÎÎ×%8 Àøfú+õ
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¬OWXmTj: }ougWÀcfWm@e#|,cxeqo~ba©jreqRTW}>WVugrjluqUX|lmoh!Wjr¿v¡iy|lcªegRTWnmTnegn¢|v~bn¢cfeguqnTTegnjlmOnc¾:|lugnW~«
¬OWÄh!j@moh!WmHegu2|:egWXj@m©eqRTWÄcgÅlWV[moWcqc jr¿egRTWnmTnegn¢|~bn¢cfeguqnTTegnjlm *n8« W@«ÂKWX¾:|uqa½eqRTW-~bWkluqWVWXjr¿egRTW
|@cfadUXUXW!equgajlregRTWnmTnegn¢|UXW|lm«*¬©W uqW!e2|nmÄegRoWnmTnegn¢|n¢~bWm@eqnpexaÄhVj:¾:|uqn|lmoh!WªUX|eguqnp»
Σ0 = I
|mo~
¾:|lugaOegRoWnmTnegn¢|UXW|m
µ0 = (10m, . . . , 10m)
Âv[RTWugW
m ∈ {1, 2, 3, 4, 5, 6} «½¬©Wh!j@mo~boh!e¦eqRTnccfegD~ba®nmO~bnUXWVmocgnjlm
n = 10
[negR |egWVuqUXnmD|:egnjlmOh!j@mo~bnegnj@mjlroÂ @lÄrTmoh+eqnj@m©W¾:|o|:eqnj@mocÁnm
WÀ|lh2R,jr<ugomocV«*tvW|@cfWcgWVW#QK|TW¦rjlu[UXW~bn¢|mDc[|mo~cfeq|mD~T|u2~-~bW¾dn|egnjlmoc«
¡iy
f1(x) f2(x) f3(x)
µ0 = (101, . . . , 101)
£ o«    Âb:dT«  @l¤ £ÝT«   W'2 oÂ  « ll:W    ¤ £ÝTÂT@¤
µ0 = (102, . . . , 102)
£  T«   dÂlo«   @¤ £  «@lW'2V  ÂHT«  :W    ¤ £ÝTÂT@¤
µ0 = (103, . . . , 103)
£  « @ dÂbT« :H¤ £ o«   W'2lÀTÂo@« lW    ¤ £ÝTÂT@¤
µ0 = (104, . . . , 104)
£sT«    ÂbT« @H¤ £  « @lTÀW  lbÂo@«ÀllW'  l¤ £ÝTÂT@¤
µ0 = (105, . . . , 105)
£sT«   TÂbT«  Hl¤ £ o« Hl  W'  @Â o« oÀ:W él@¤ £ÝTÂT@¤
µ0 = (106, . . . , 106)
£sT« lHbÂbT« lHl¤ £  «   @W é@bÂ  «  lW'2@¤ £ÝTÂT@¤
QK|oW,T¥-t*Wufrj@ugU|mDh!W-|lmo|abcfn¢c#rj@u¦¡iy0nm¨~bnUXWVmocgnj@m6À|lc|½romoh+eqnj@m¨jlriegRTW~bWkluqWVW-jlr
|@cfadUXUXW!equgajlreqRTWnmonpeqn|l)~bn¢cxequgnTbeqnj@m«
¬OWªhVjlmohVo~TW[HaX|mD|aH§nmok egRTWi>WVRD|¾Hnjlujrv¡iy |lcv|rTmoh+eqnj@mjrFegRoWznmTnpeqn|lD~bn¢cfeguqnTTegnjlm«
Zªm romoh+eqnj@moc
f2(x)
|lmo~
f3(x)
Â<v¡iy}>WVugrjluqUc#W!»ThVWVWm@eqa@Â*WV¾lWm rjlu|m·WV»HequgWUXWVaOcgÅlWWÀ~
nmTnegn¢|)~Tncfeguqnobegnjlm«<¬OW#~bjXmTjlegW egRD|:eiv¡zy­~bjdWc[moje[U|nm@e2|nm,egRTW#cq|UXW!Ho|npexa-jr<cfj@beqnj@m
j@m
f1(x)
«¨y}T¢|ocgnTW,uqW|lcgjlm·rjluegRTn¢cnceqRTWrjlj:[nmTko¥t*jl}TT¢|:eqnj@moc¦rs|u¦rugj@U egRTWj@}begnU|
cgjlbeqnj@m®jr
f1(x)
~bj-mTjle hVjlmHeq|lnm®U¦oh2RDcfWVrT*nmbrj@ugU|egnjlm|@c
f1(x)
 c W¾lWV*cgW!eqc |lugW#¾@WVuqaD|:e
rs|lurugj@U egRoWjl}beqnU|cgjlbeqnj@m bv¡iy­Ro|lc[|~bn  Äh!Te[egnUXW#|}T}ougj»bnUX|egnmTk¦egRTW WV¾lW)cgW!eqc«
  #" /!,)V#"
 m©egRoncuqWV}>jluge WXRo|¾@W|@~T~buqWcqcfWÀ~®|cfWugnjlocÁnUXneq|egnjlm©egRo|e#WRo|¾lW¦rjlomo~Onm©egRTWnegWVu2|:eqTuqW
hVjlmohVWVuqmTnmTk,egRTWnmTnegn¢|n§|:eqnj@m jr[¡iyªcV«½¬°RTnWcgjlUXWUXnk@R@eh!jlmDcfn¢~bWVu#egRTn¢c#n¢cgcgTWequgn¾dn|lÝÂ*|lc.npe
n¢cXmTjleXW¾lWm¨~bWVeq|nW~¨nm¯egRoW,}D|}>WVu2c¦¿WRo|¾lW,uqW!rWVuqWVmDh!W~ÂvnpeÄn¢cXnm¼rs|@h+e HTnpeqWnUX}>jlugeq|mHeÀ«¯¸¿a
¾:|lugadnmTkegRoW.nmTnpeqn|l<~bncfeguqnTbegnjlmjrv®±ªy ²q³ ´gµ¶g³ |mD~½t¸ x¹ ºÂ>¿W.~bWUXjlmocfegu2|:eqW#egRoWVnuzrs|lnTuqW¦|lc
eqRTWVa,h!j@mH¾@WVuqklWÀ~XegjXmTj@m$8j@}begnU|cgjlbegnjlmDcV«
 cfnmTk·j@ocfWug¾:|egnjlmocXruqjlU egRTWrs|nougWÀcjr egRoW}TuqWV¾dnjloc¡iyzcÂi¿W®Ro|¾lW®~TWcgnk@mTW~&| mTW
¡iy6[Ronh2RÄ¿WzRD|¾lWz~bWmTjeqW~XeqRTWÁvnk@WVmocg}o|@h!Wi¡zyÃ£sv¡iyÁ¤+«b¬OWªRo|¾@Wzh!j@UX}o|uqW~Xv¡iy6[negR
eqRTW.}ougW¾HnjlDcfaUXWm@eqnj@mTW~®¡iyzc |lmo~½Ro|¾@W.cfRoj:[megRo|eÁneqcª}DWufrj@ugU|lmoh!W@ÂD[negR©ugWÀcf}>Wh!ezegj-egRTW
jlegRTWuX¡iyzcÂ¿nUX}Tuqj:¾lWÀc|@c¦egRTW½cgÅlWV[moWcqc¦jlrzeqRTWnmTnegn¢|n§|:eqnj@m¨nmohVugWÀ|lcgWc«¼¬OWhVjlmohVD~bW~¨jlTu
hVjlUX}Tbe2|:eqnj@mo|cfego~TnWÀcHacfj@Wa-|lmo|ad§VnmTkv¡iy­|@c[|¦rTmoh+eqnj@mjr*¾|lugnjlDc}D|u2|UXW!eqWVu2cV«
QRTWU|lnm cfeguqWVmTklegROjr¿egRTn¢cmTW UXW!eqRTjb~ ncÁex¿jrj@~¥Ä£fÀ¤Á¬OWW!»b}Tjlnenmbrj@ugU|egnjlm |:e#W|@h2R
negWuq|egnjlmnm6j@uq~TWVuÄeqj·ÍomD~6|¯~bnuqWh!egnjlmnm6[Ronh2R°eqj¨}ougjbh!WW~|lmo~­£8l¤-W©Ro|¾lWO|mnmTRTWugWm@e
UXWÀh2Ro|mTn¢cgU­rjluDjdj@cfegnmTk eqRTWi¾:|uqn|lmoh!W[jlrFegRTWiomo~bWVuqaHnmTk#~bn¢cfeguqnTTegnjlmnr>eqRTWVuqW[n¢ccfegn>|~bncfeq|lmoh!W
àãKÎà ê
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eqj}TugjbhVWVW~egjeqRTWjl}TegnUX|lvcfj@Tegnjlm«ÄQRTWÀcfWex¿j}Tugj@}DWufeqnWÀc U|ÅlWXv¡iy HTnegWuqjlTocfenm neqc
}>WVugrjluqU|mohVWl«  m&}o|ugegn¢h!o|luÂnpe-cgohVhVWVWÀ~TcXnm¯ÍomD~bnmok©eqRTW½jl}TegnUX|lzcgjlbegnjlm¯Tmo~bWu-h!j@mo~bnegnjlmoc
[RoWVuqW¦eqRTWXjeqRTWVu¡zyzc¿WXW!»T|UXnmTW~rs|nWÀ~«yB}DjHcgcgnTnnexarjlu rTugegRTWuugWÀcfWÀ|u2h2R¿jlT¢~®>WXegj
nmd¾lWÀcxeqnkH|:egWÁUXjluqWcfj@}TRTn¢cxeqnh|:egWÀ~|lk@jluqnpeqRTUcegRo|ez|nU egjXnU}ougj:¾@Wªv¡iy cio|@cfn¢h cxequgWmTkeqRoc«
   X",i/V	 1#	i	["¦
QRoWiÍou2cxe|beqRTjlu¿|@c¾dn¢cfnegnmTk¦tvugjlwxW!e5Tu2|lh+e2|Wcv|e  ±ª{  y6{ijdhHTWVmohVjlTuge¿~TTugnmTkX_dTUXUXWVu[l 
[RoWVmÄeqRTn¢cj@ugÅXRo|@c>WVWm,~TjlmTW@Âd|lmo~Ä[n¢cgRTWcegjeqRo|mTÅXeqRTW  Q   ±z{  y^h!j@¢|>jlu2|:eqnj@m}Tuqjlklu2|U
eqRo|:ei}D|ugegarTmo~bWÀ~egRTn¢c[nm@eqWVuqmocgRTn})«
	[%:	(*	["¿	[
 ._F«¸¿|lwf|T«&yim&WVUX}Tnugn¢hV|l[h!jlUX}o|lugn¢cgjlm¼jlrÁcgWV¾@WVm¯npeqWVu2|:egn¾lW|mD~¼W¾ljlbeqnj@mo|uqa rTmoh!egnjlm&jl}$
eqnUXn§|:eqnj@m¼RTWTuqncfegn¢hVc«OQWh2RomTnh|[{[W}Dj@ufeÄY¿  fY_ é@ 2  ÂvY¿|uqmTWVk@nW½WVj@m  mTn¾@WVu2cfnexalÂ
Àl@T«
ä(t*W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W _dWVD|k&|mo~ yimHegj@nmTW ¡ªoh!j@Tj@U.TnWVuÀ«<»deqWVmo~bnmTk&}>jl}TT¢|:eqnj@m$Õo|lcgW~°nmohVugWUWmHeq|
W|lugmTnmTk eqj¨h!j@mHegnmHojlocÄcgW|luqh2R°cg}o|lhVW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 Âb}o|k@Wc¿o  Hd bÂDÀl o«
   ©	["  ,M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 m,eqRTnc[|l}T}>WVmo~bn»ÂT¿WÁ¾:|ln¢~T|:eqWjlTunUX}TWUXWVmHeq|egnjlmoc[jlr±zyi²q³ ´gµ¶g³K|mo~t¸ x¹)º «
QRTW[}oTTncgRTW~h!j@UX}Tbeq|egnjlmo|lbugWÀcfope2cKrjlu*®±ªyi²q³ ´qµV¶q³D~TjÁmojev~bW!e2|nTh!j@U}oWVegWVaeqRTW[nmonpeqn|l
n§|egnjlmÄjlr)eqRTWÁ|lk@jluqnpeqRTU«t<|lufeqnhVT|lugalÂ@egRoWÁnmTnegn¢|~bn¢cxequgnTbeqnj@mn¢c¿mTjeW!»b}Tn¢h!negaÄh2Ro|u2|lh!egWVuqn§VW~«
¬°RonWÄÅlWWV}TnmTk½W¾lWVuqaHegRTnmTk½WcgW-h!j@mocfeq|mHeÀÂ¿WRo|¾lWnmTnegn¢|n§W~ ±zyi²q³ ´gµ¶g³¿[negR
µ0 = 0
|mo~
Σ0 = 100I
Â>[RTnh2R}DjHcgcgnoa,U|:eqh2RoWczegRTW   u2|mo~TjlUklWVmoWVu2|:egnjlm½}ougjbh!WÀ~bTuqW#o|@cfWÀ~jlm|-TmTnrjluqU
~Tncfeguqnobegnjlm,ugWVrWVuqugWÀ~ egjOnm7ä48«  mo~TWVuegRTn¢cXnmTnpeqn|l[~bncfeguqnTbegnjlm)Â¿W,|@h2RTnW¾lWugWÀcfTeqcXhVjHcfWa
U|eqh2RTnmTkÄ}ToTn¢cgRTW~½uqWcgTeqc« ¹ |lcfegalÂ>W#mojegW.egRo|eª¿W.Ro|¾@WjlUXnefegWÀ~½eqRTW#rTmDh+egnjlm
f̃3(x)
cfnmoh!W
eqRTW}TTon¢cfRoW~ugWÀcfTeqcTegnn§VWÀ~,|¾:|uqn¢|mHeeqRo|:ei¿W~bn¢~moje[ocgWl«vQRTW }o|luq|lUWVegWuqcegRD|:e[WugW }TuqW'
cgWVmHeqW~nm ä4)¿WVuqW ÅlWV}Te[egRTW#cq|UXW egjX¾:|n¢~T|:eqWjlTu[nUX}TWUXWVmHeq|egnjlmjr*®±ªy ²q³ ´qµV¶q³ ¥v~bnUWmocgnj@m
n = 10
Â*}Dj@}TT¢|:egnjlm·cgn§VW
N = 2000
Â*cq|UX}TW-cfn§VW
M = 1000
ÂK|l}T}Tuqj»dnU|:eqWVa
192, 000
rTmoh 
eqnj@m½WV¾:|o|egnjlmocrj@u
f̃1(x)
|mo~|}T}Tuqj»bnU|egWVa-HbÂ ll¦rj@u
f̃2(x)
nm½WÀ|lh2R½jlrÀXugomocV«  zWVuqWlÂDW
hVjlUX}o|lugWÁUXW|mDc¿egjÄ|lhh!j@UUXjb~T|egWªegRTW}ToTn¢cgRTW~,uqWcgTpe2cV«
±zW!»deÂKWX¾:|n¢~T|:eqWt¸ x¹ ºv«-_dnmohVWXegRTWÄ|lbegRTj@uqc jlr 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